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Expression of cross-reactive surface antigens by microfilariae and
adult worms of Brugia pahangi during infections in cats
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Abstract

Microfilariae of Brugia pahangi were labelled with 125-lodine using the reagent IODOGEN.
Electron microscope autoradiographs of sections of iodinated microfilariae showed that the label was
strictly confined to their sheath. Adult worms were also iodinated by the same procedure. Sodium
dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE) analysis of detergent extracts of
radio-labelled parasites revealed components of molecular weights 113, 81-71, 46 and 33 kDa in
microfilariae, and of molecular weights 29, 20 and 16 kDa in adult worms. All but the 33 kDa
component of microfilariae were immunoprecipitable with sera of infected cats and therefore
antigenic. Antibodies to the 81-71 kDa and the 46 kDa microfilarial antigens were detected by
immunoprecipitation before patency. Similarly, the 29 kDa antigen of adult worms was immunopre-
cipitable before the fourth moult. Therefore, during infection in cats, these antigens cross-react with

epitopes present on earlier developmental stages.

Introduction

Perhaps the best understood host defence mechan-
ism against parasitic worms is that of control and
suppression of microfilaraemia during infection with
filarial nematodes. An inverse relationship between
blood microfilarial levels and titres of antibody to the
microfilarial surface has been noted by many investi-
gators of human and animal filarial infections (PON-
NUDURAI et al., 1974; SUBRAHMANYAM et al., 1976;
GROVE & Davis, 1978; WEIss, 1978; WoONG &
SUTER, 1979; DISSANAIKE & IsMAIL, 1980,
MCGREEVY et al., 1980; PIESSENS er al., 1980) and
experiments performed both in vitro and in vive have
shown that such anti-surface antibodies promote
leucocyte-mediated killing of the larvae (SuUB-
RAHMANYAM er al., 1978; WEIss & TANNER, 1979;
HAQUE et al., 1980; MEHTA et al., 1980, 1982).

A likely evasive strategy adopted by parasites
confronted with an immune response of this nature is
the expression of stage-specific surface antigens dur-
ing maturauon This would allow the worms mmally
to evade immune responses stimulated by previous
stages. Indeed, stage-specific surface antigens have
been demonstrated in the intestinal nematodes
Trichinella spiralis and Nippostrongylus brasiliensis
(MACKENZIE et al., 1978; PHILIPP et al., 1981;
MAIZELS er al., 1983a) and also in the filaria
Dipetalonema viteae (WEISS & TANNER, 1981, Bas-
CHONG et al., 1982).

In a recent study, however, MAIZELS et al. (1983b)
showed that mice immunized either with infective
larvae or with adult worms of Brugia pahangi had
serum antibodies that immunoprecipitated surface
antigens of microfilariae of this filarial species. This
study showed that cross-reactive epitopes are expres-
sed on the surface of consecutive developmental
stages of Brugia; however, the relevance of these
results to a naturally occurring host-parasite rela-
tlonshlp is obscured by the fact that the mouse is
resistant to infections with lymphatic filariae.

Moreover, this resistance has an important immuno-
logical component, as implied by the high susceptibil-
ity to infection of T-cell-deficient mice (SUSWILLO et
al., 1980, 1981; VICKERY et al., 1983). Hence,
cross-reactive anti-surface antibodies could appear in
the mouse and contribute to its ability to resist a
Brugia infection, but such antibodies might not be
stimulated in a more susceptible host.

Here we present a study of the antigenic specificity
of serum antibodies induced during the course of
infections with B. pahangi in its natural host, the cat.
In particular, we have addressed the question: are
serum-antibodies to microfilarial and to adult worm
surface antigens detected before the appearance of
these stages, i.e., before patency and the fourth
moult?

Materials and Methods
Parasitological procedures

The parasite, Brugia pahangi, was maintained in cats and
transmitted through susceptible Aedes aegypti. Infected
mosquitoes were lightly crushed and third-stage larvae
obtained from a Baermann apparatus. Cats were infected by
subcutaneous injection of infective larvae in the hind legs.

Microfilariae were obtained by Nuclepore filtration of
infected cat blood (DENNIS & KEAN, 1970). Routine counts
were made weekly using a counting chamber.

Adult worms were obtained from the peritoneal cavity of
jirds previously inoculated with third-stage larvae. Full
details of the parasitological methods were described by
DEnHAM (19 5

Surface labelling of adult worms and microfilariae
Adult worms and microfilariae were [odine labelled using
the reagent [ODOGEN (Pierce Chemical Co., Rockford,
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Illineis, USA) as described previously (PHILIPP et al., 1984).
Briefly, about 20 adult male and female worms and about 10°
microfilariae were washed by centrifugation with phosphate
buffered saline, (PBS) (130 mM NaCl, 4 mM KCl1, 100 mM
sodium phosphate, pH 7'4) and dispensed into plastic
Eppendorf tubes coated with 200 pg of IODOGEN. Nal251
was added (0-2-0-5 mCi, IMS 30 The Radiochemical Centre,
Amersham, UK and the reaction was left to proceed at room
temperature for 10 min. A volume of 20 pl of a saturated
solution of tyrosine in PBS was then added to react with
uncombined iodine and the worms were removed and
washed repeatedly with PBS by centrifugation.

Solubilization of radio-labelled worms

Solubilization of radio-labelled components of the worms’
surface was performed as described elsewhere (PHiLIFP et al.,
1984).

Immunoprecipitation of radiolabelled components

Plastic tubes were precoated with bovine serum albumin
(BSA) by incubating them in a 1'0% solution of BSA in PBS
plus 0-1% sodium azide. A volume of 3 ul of normal or
infected cat serum was mixed with 50 ul of Tris-HCI1 buffer
(10 mM, pH 8-3) to which inhibitors of proteolytic enzymes
(50 pg/ml L-1-tosylamide-2-phenylethyl-chloro-methyl
ketone, 25 ug/ml N-p-tosyl-L-lysine-chloromethyl-ketone,
1 mM phenyl methyl sulphonyl fluoride and 2'5 mM
EDTA, all from Sigma Chem. Co. St. Louis, MO, USA) and
0:1% of n-Octyl-p-D-Glucopyranoside, (Sigma) had been
added. About 3 to 5 ul of extract of radio-labelled worms (3
to 5 % 10° cpm) were then added and left to form soluble
immune complexes overnight at 4°C. These were then
coprecipitated using 30 ul of a rabbit anti-cat [gG antiserum.
Immunoprecipitates were washed with PBS and radioactiv-
ity was measured.

Sodium dodecyl sulphate polyacrylamide gel electrophoresis
(SDS-PAGE)

Electrophoresis of extracts of radio-labelled worms and of
resolubilized immunoprecipitates was performed as de-
scribed previously (PARKHOUSE et al., 1981), under reducing
conditions.

Auwtoradiography of sectioned, radio-labelled worms

Microfilariae were concentrated, enrobed in agar, and
then processed for electron microscopy autoradiography as
described in PHILIPP et al. (1984).

Results

Course of parasitaemia

Parasitaemia was measured sequentially in each of
the four animals. Two cats (358 and 359) became
microfilaraemic by week 8 of infection, whereas in the
other two animals (357 and 360), microfilariae were
detected in the peripheral circulation by the 11th week
of infection (Fig. 1). Microfilaraemia remained below
40 mff/100 ul blood until the 15th week of infection,
after which it rose more steeply. Mean parasitaemias
(+ S.D.) between weeks 20 and 30 of infection were
of 100 + 40, 171 + 85, 230 + 96, 329 + 85 micro-
filariae/100 ul blood in cats 357, 358, 359 and 360
respectively.

Surface antigens present in detergent extracts of
radiolabelled microfilariae and adult worms

Few radio-labelled components were extracted
from the worms using solutions containing 2:0% Na
DOC. Gel profiles of extracts of surface labelled adult
worms showed three bands of Mr 29 + 0-8 kDa,
20 + 0-8 kDa and 16 = 0-8 kDa (Fig. 2b). Occa-
sionally, a band running at 33 kDa could also be seen.

Four components were present in extracts of radio-
labelled microfilariae. A high molecular weight mole-
cule (113 + 2 kDa) was not detectable in all prepara-
tions. Of the remaining three components, one band
appeared as an intense triplet (often unresolved as in
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Fig. 1. Brugia pahangi microfilaraemia during the first 30 weeks of
infection in cats 357, 358, 359 and 360. The arrow indicates the time
when parasites were first detected in peripheral blood.
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Fig. 2a) running between 81 + 2 kDa and 71 + 2
kDa. The other two were fainter and more diffuse and
had apparent molecular weights of 46 + 2:5 kDa and
33 + 2 kDa (Fig. 2a).

Evidence that these radio-labelled antigens were
localized exclusively on the microfilarial surface is
provided in Fig. 3. Transverse (Fig. 3A) and longitu-
dinal (Fig. 3B) sections of iodinated microfilariae were
prepared for electron microscope autoradiography. In
all profiles the reduced silver grains were clustered
thickly against the outer surface of the microfilariae
(Figs. 3A and 3B). However, in sections where the
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Fig. 2. Surface antigens of Brugia pahangi microfilariae (a) and adult -

worms (b).

Detergent (Na-deoxycholate) extracts of 125-I-Iodogen labelled
worms were electrophoresed on 10% acrylamide gels in the presence
of 2-mercaptoethanol.

Apparent molecular weights are indicated in kDa.

sheath was loosely apposed to the cuticle, it was clear
that only the sheath had been labelled (Fig. 3b).

Time course of the antibody response to surface antigens of
microfilariae and adult worms
Macrofilariae
Sera taken from three of the four cats used in this
study (numbers 357, 358 and 359) precipitated
iodinated antigens of microfilariae at a level above that
precipitated by normal cat serum by week 2 of
infection (Fig. 4A). In contrast, serum samples from
cat 360 did not precipitate radioactivity that was
significantly above background levels before week 9 of
infection (Fig. 4A). By this time, two weeks before
patency, gel analysis of the immunoprecipitates re-
vealed that antibodies to the 87 to 71 kDa microfilarial
component were present in the serum (not shown).
Cat 359 produced antibodies to the 46 kDa antigen
two weeks after infection and to the 81-71 kDa triplet
by week 4 (Fig. SA). As infection progressed, the
relative intensity of these bands changed on the gel
autoradiographs, and after the onset of patency (week
8), the 81 to 71 kDa antigen was immunodominant
(Fig. 5A). In contrast, cat 358 did not produce
antibodies to this antigen during the 11-week period
studied and cat 357 only after patency (week 11).
These two cats, however, had detectable antibodies to
the 46 kDa component two weeks after infection. The
high molecular weight band visible in Fig. 5A seemed
to be non-specifically associated with the precipitates,
as it appeared with the same relative intensity on gels
of immunoprecipitates performed with normal cat
sera.

Adulr worms

The antibody response to surface antigens of
adult worms was similarly heterogeneous. Immuno-
precipitates performed with sera from cat 359 showed
a response above background levels by week 2 of
infection (Fig. 4B). Gel analysis of these immunopre-
cipitates revealed that antibodies to the 29 kDa
antigen were already present at this early stage,
whereas the 20 and 16 kDa components were precipi-
tated by weeks 4 and 5 respectively (Fig. 5B). Cats
357, 358 and 360 showed antibody levels clearly above
background only by or after week 3 of infection (Fig.
4B). The 29 and 20 kDa antigens were precipitated
with sera from cats 357 and 358 by weeks 4 and 5 of
infection, respectively; the 16 kDa component was
only visualized by week 11. Analysis of the immunop-
recipitates performed with sera from cat 360 revealed
that the 29 kDa antigen was precipitated three weeks
after infection while the 20 and 16 kDa components
appeared one and two weeks later, respectively.

Discussion

In this study it is demonstrated that antibodies
recognizing surface antigens of B. pahangi microfilar-
iae can be found in the sera of infected cats many
weeks before the onset of patency.

The retention of antigenic determinants over suc-
cessive developmental stages indicates that the mole-
cules bearing such epitopes may be important for the
parasite’s survival in the vertebrate host. An early
antibody response to these microfilarial surface anti-
gens is, therefore, puzzling but could be explained in
a number of ways. Firstly, the antibodies stimulated
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Fig. 3. Electron microscope autoradiographs showing blood microfilariae of Brugia pahangi that had been surface labelled with
1251-lodogen.
A. Transverse section through cephalic region. The surface (S) location of the reduced silver foci is clearly visible.
B. Longitudinal section. The association of the reduced silver foci with the sheath (S) rather than the cuticle (C) of the
microfilaria is particularly evident in this micrograph.
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Fig. 4. Levels of serum antibody to surface antigens of Brugia pahangi microfilariae (2) and adult worms (b) in cats 357, 358, 359 and 360. The ratio
between the radioactivity precipitated by sera taken between weeks 0 and 11 after infection and that precipitated by normal cat serum, was plotted
as a function of the time (in weeks after infection) at which the serum samples were obtained. Bars represent the standard error of the mean of two
independent determinations of the radioactivity ratios.

e




0 - g 3 5 B 9 1l

8l —
71—

46— ® -

46—

4

Fig. 5. Antigens of microfilarize (a) and adult worms (b) of Brugia pahangi precipitated by sera from cat 359. On the top of each track is indicated the time in weeks
after infection at which the serum sample was raken.

Immunoprecipitates were resolubilized with the aid of 2-mercaptoethanol and electrophoresed on 10% acrylamide gels. Apparent molecular weights are indicated in
kDa.
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